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JET FUEL AND AIR SYSTEM FOR STARTING AUXILIARY POWER UNIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to an Auxiliary Power Unit 
(APU) of the type capable of providing power to an aircraft as needed. In 
particular, the present invention is directed to lightweight and high-energy start 
system for providing power to the APU to initiate APU start up. 
[0002] Conventional APU start-up systems (electric, hydraulic and 
pressurized air start systems (PASS) are not utilized to provide in-flight 
emergency power because of the significant size and weight requirements. In 
one system developed for the F-22, a jet fuel/air-stored energy system was 
utilized for both APU starting and in-flight emergency power. This system when 
used for APU starting and emergency power has increased complexity, weight 
and cost relative to a system designed for an APU start-only system. It is 
considered desirable to minimize the weight, complexity and cost if at all 
possible. 

[0003] In a known APU start-up system, the turbine power module (TPM) 
combustor utilized for driving an APU gearbox was designed to operate in both 
fuel-rich and lean-burn modes. The fuel-rich mode reduced air consumption 
during extended emergency power operation, while the lean-burning mode 
eliminated the normal maintenance required by carbon accumulations during 
APU ground starts. 

[0004] A rich-burn mode requires the use of high-temperature combustor 
liner to maintain fuel-rich combustion at low power levels. Such a liner would 
not be needed for a high-powered, lean-burning APU starting system. By 
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removing the combustor liner, liner insulation and transition liner, it would not 
only reduce cost and weight but, more importantly, it may significantly reduce 
the TPM's sensitivity to temperature transients. The relatively large thermal 
mass of the combustor housing may be better able to handle any high- 
temperature combustion transients. 

[0005] Because the "touch" temperature should not exceed 500° F for safety 
considerations after single ground starts, the need for an outside insulation 
blanket would be eliminated. A further disadvantage of conventional start-up 
systems resides the complexity of the combustor head. Fuel-rich combustor 
processing requires the use of a duplex fuel nozzle to provide a wide turndown 
ratio. However, since the APU starter system only operates at one power level 
and does not require large droplets to maintain clean fuel-rich combustion at 
high power levels, the duplex nozzle configuration and associated divider valve 
utilized in an APU start system providing emergency power can be eliminated, 
resulting in significant cost and weight savings. 

[0006] There is a clear need for an improved APU starter system capable of 
meeting the streamlined requirements of ground starting while operating in 
single, lean-burning mode. Such a starter-system should be of minimum size 
and weight and be able to function with a limited amount of compressed air and 
fuel. 



[0007] In one aspect of the present invention, an APU starter system is 
disclosed. The system includes a source of pressurized air and a source of jet 
fuel. The system further includes a turbine power module attached to an APU. 
An air flow passageway joins the source of pressurized air to the turbine power 
module. A fuel flow passageway joins the source of jet fuel to the turbine 
power module, and a separate valve assembly located in each flow 
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passageway controls the flow of compressed air and jet fuel into the turbine 
power module. 

[0008] In another aspect of the invention, an APU starter system includes a 
source of pressurized air, comprising at least one storage vessel. The system 
5 further includes a source of jet fuel, comprising a fuel tank. A turbine power 
module is attached to an APU and an air flow passageway joins the at least 
one storage vessel to the turbine power module. A fuel flow passageway joins 
the fuel tank to the turbine power module. A separate valve assembly located 
in each flow passageway controls the flow of compressed air and jet fuel into 
1 0 the turbine power module. 

[0009] In a yet further aspect of the invention, an APU starter system 
formed in accordance with the present invention includes a source of 
pressurized air, comprising at least one storage vessel and a source of jet fuel 
comprising a fuel tank. The system further includes a turbine power module 
15 attached to an APU with an air flow passageway joining the at least one 
storage vessel to the turbine power module and a fuel flow passageway joining 
the fuel tank to the turbine power module. A modulating valve assembly 
located in the air flow passageway and a control valve located in the fuel flow 
passageway control the flow of compressed air and jet fuel into the turbine 
20 power module. 

[009a] In another aspect of the present invention, a method of starting an 
APU includes the step of energizing a control valve located in an air flow system 
between a source of pressurized air and a turbine power module. The method 
further includes the step of energizing a control valve located in a fuel flow 
25 system between a source of jet fuel and the turbine power module. The method 
also includes the step of igniting the mixture of air and fuel within the turbine 
power module to create a steam of hot gases; and directing the steam of hot 
gases onto turbine blades for rotating the blades to drive the APU through a 
gearbox. 
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[0010] These and other features, aspects and advantages of the present 
invention will become better understood with reference to the following 
drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 shows a schematic system of an APU starter system 
formed in accordance with the present invention; and 

[011a] Figure 2 shows a perspective view of a turbine power module 
formed in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The following detailed description is of the best currently 
contemplated modes of carrying out the present invention. The description is 
not to be taken in a limiting sense, but is made merely for the purpose of 
illustrating the general principles of the invention, since the scope of the 
invention is best defined by the appended claims. 

[0013] The present invention provides an APU starter system configured 
solely for the APU starting function, resulting in significant cost and weight 
savings. The system includes an assembly for providing a quantity of 
pressurized air and fuel to a Turbine Power Module (TPM) allowing it to power 
an APU without being driven by the APU. 

[0014] Referring to Figure 1, an APU starter system 10 includes a high- 
pressure air supply system which may include one or more high-pressure 
storage vessels 14. Storage vessels 14 may be formed of an aluminum-lined 
composite wound material, filled with compressed air. The number of vessels 
14 utilized is dependent on the desired quantity of compressed needed and the 
space requirements of the starter system. 
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[0015] A high pressure air supply system 16 connects storage vessels 14 
with the turbine power module 18. In particular, compressed air storage vessels 
14 are pneumatically connected by passageway 20 with an input of pressure 
regulator and shut-off valve 22. Air passageway 23 connects the output of 
valve 22 with an input of air control valve 24. An output of control valve 24 is 
connected by passageway 26 to the input of the turbine power module 18. A 
service port 28 is connected by passageway 30 with compressed air storage 
vessels 14 for rapidly recharging vessels 14 from an external high-pressure air 
source or aircraft air compressor, not shown, following an APU start. 
Components of the high-pressure air supply system 16 may be integrated into 
other aircraft systems. Likely system components may include the high- 
pressure air vessels 14, pressure regulator 22 and the air recharge compressor. 
[0016] The fuel supply system 31 of the APU starter system delivers jet fuel 
to the turbine power module 18. Jet fuel may be supplied by a dedicated fuel 
tank 32 having an output connected by fuel passageway 34 to the input of a 
modulating fuel control valve 36. The output of modulating fuel control valve 36 
can be connected to turbine power module 18 by fuel passageway 38. Fuel 
tank 32 may be refilled from an external supply, not shown, by fuel passageway 
40, with fuel service port 42 controlling the flow through passageway 40. 
[0017] In order to expel fuel from tank 32 at the required pressure, a fuel 
tank expulsion system may be pneumatically pressurized, possibly by utilizing 
air from the air supply system 16 via air passageway 44. A free-surface, piston, 
diaphragm, or bladder-type expulsion device 46, may be used to rapidly expel 
the fuel from tank 32 into fuel passageway 34. 

[0018] Air control valve 24 can regulate the flow of air into the turbine power 
module 18. The pressure regulator and shut off valve 22 can provide positive 
shutoff to the flow of pressurized air from vessels 14, while maintaining a 
regulated inlet pressure to air control valve 24 as the air pressure decays during 
blow down of the vessels 14 during an APU start. 
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[0019] The modulating fuel control valve 36 may regulate the flow of jet fuel 
into the turbine power module 18. Fuel control system 30 may incorporate a 
shut-off valve, depending on the form of fuel pressurization incorporated into the 
system. If the fuel is not under pressure when the starter system 10 is inactive, 
then a simple check valve may suffice as an alternative to such a shutoff valve. 
Fuel control valve 36 may take the form of fixed fuel orifice or a modulating 
valve, depending on the air flow rates expected and system requirements. A 
modulating fuel control valve 36 may be utilized to facilitate adjustments in fuel 
flow to optimize pre-ignition and post-ignition fuel flow rates. 
[0020] As shown in Figure 2, the turbine power module 18 may include a 
combustor 48 that converts the compressed air and the jet fuel into hot gas. 
The combustor 48 may comprise a hollow cylinder 50 welded to one end of the 
turbine housing 52 and capped with a flange-mounted combustor head 54 
located at the other end of the turbine housing 52. The combustor head 54 may 
include a fuel nozzle 56 and air injectors 58 which mix the steam of pressurized 
air the jet fuel as it enters the combustor cylinder 50. Igniters 60 mounted on 
the walls of the cylinder 50 can ignite the mixture when excited by an ignition 
unit. The combustor 48 may also include an insulated thermal liner inside the 
combustor 48 and a transition liner when the gas turns the corner to enter the 
turbine nozzles. During operation, the turbine power module 18 may direct the 
hot gases from the combustor 48 onto the turbine blades rotating assembly, not 
shown. This, in turn, can cause the rotating turbine assembly to accelerate and 
drive the APU through the over-running clutch in the APU gearbox. 
[0021] It is within the scope of the present invention to replace the air 
control valve 24 with an orifice, sonic orifice or venturi valve. This is possible 
because variations in air density with ambient temperature are not sufficient to 
significantly affect either ignition reliability or APU start time. 
[0022] It is also within the scope of the present invention to replace the fuel 
control valve 36 with an orifice, sonic orifice or venturi valve because the flow 
range required for the APU starter is much narrower. 
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[0023] The simplified APU starter system of the present invention 
eliminates the necessity for the pressure transducers and temperature sensors 
which may be required in an APU start system providing emergency power. The 
single speed APU gearbox may be greatly simplified compared to the two 
speed gearboxes required by conventional starter systems. By achieving the 
maximum torque assist from the APU during starting, the run time of the turbine 
power module and the stored energy usage are reduced. Maximum output of 
the APU may be achieved by operating at the maximum turbine inlet 
temperature, which may exceed 2200°F, and minimum surge bleed flow during 
the APU start. By employing a modulating surge control or two position surge 
valve as opposed to the current on-off surge control valve the APU may 
accelerate faster by reducing the amount of surge bleed during APU starting. 
This provides a tradeoff between reduced stored energy and the added weight 
and cost of utilizing a more complex APU surge valve. 

[0024] It should be understood, of course, that the foregoing relates to 
preferred embodiments of the invention and that modifications may be made 
without departing from the spirit and scope of the invention as set forth in the 
following claims. 



